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Theresultsofan experimentalinvestigationofthepressuredistri–
butionovertwotriangularwingsat supersmicspeedsarepresented.The
twowingswhichweretestedhadidenticalplanforms,450sweepbckof
theleadingedge,andan asgectratioof4.0,butdifferentairfoilsec-
tions. Onemodelwascoqosedofroundleading+dgesectionsandthe
otherofsharp-nose,biconvex‘sections,6 percentthtckin streamwise
plaues.TheexperimentalpressuredistributionswereobtainedatMach
nwibersfrom1.20to 1.70at a Reynoldsnuniberof1.8X 106andanglss
of’attackfrom0° to20°.

Theresul.tsshoweda significanteffectofleading~dgeprofileon
theflowcharacteristicsat!highliftcoefficients.Fortheround+aose
airfoilinthelowerspeedrangewhereintheMachlinesweresweptahead
of theleadingedge,transonicflowchsracteristicsweremanifestinthe
formofa shockwavenormalto theair??oilsurface.Additionaltransonic
effectswerenotedfortheshar~ose airfofi.A shockwaveobliqueto
theairfoilsurfacewasformednearthesharplea’dingedgeandthenature
oftheflowwassuchthata somewhathigherloadingwasrealizedthan
thatfortheround~oseatifoil.

In thehigherspeedrangewhereintheMachUnes weresweptbehind
theleadingedge,flowcharacteristicssimilarto thoseexperiencedat
thelower&ch nuniberswereevident,since,as a resultofthedetached
bowwave,flowinteractimoccurredbetweentheloweranduppersurface. .

Despitetheexistenceofthesetransonicflowphenomena,theagree-
mentbetweentheloaddistrib~ticmgivenby thelinearsu~rsonictheory
andby experimentwasreasonablygood.
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INTRODUCTION
3

Thev%didityofthelineartheoryinpredictingtheloaddistribu-
tionovertriangularwingsat supersonicspeedshasbeenthesubjectof
a numberofexperimentalinvestigations.Thetheoreticalmethods,of
necessity,involvecertainsimplifyingassumptionswhichlimittheir
applicationto caseswhereviscosityandhigher-ordereffectsarenegli–
gible. ,

Experimentalinvestigationsto datehaveshowntheexperimental-load
distributionstobe ingoodagreementwiththetheoretictiatlowaiqjles-
ofattack.At highanglesofattack,however,wherethebasicass~tions
ofthetheoryarenotapplicable,theexperimentalloaddistributionsshow
a markeddeviationfromtheo&. Mr.ClintonBrownoftheLangleyLabora-
toryhaspointedoutthatthereisa correlationbetweentheexperimental
dataobtainedfortriangularwingsathighliftcoefficientsat supe~
sonicspeedsanddatapresentedinreference1 fortwo-dimensiotia-”
foilsattransonicspeeds.An experimentwasundertakenforthepurpose
ofpursuingthiscorrelationfurther.Datawereelsoobtainedto deter-
minetheeffectofleadin&edgeprofileandtoproviderestitsfora cow
parisonbetweenthetheoreticalandexperimental-loaddistributions.““
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chordmeasured~ralleltotheplaneofsymetry

, feet —

normal-forcecoefficient

free-streamMachnurher
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valueofpressurecoefficientP correspondingtoa complete
vacuumontheuppersurfaceoftheairfoil

()
P2-PUleadingcoefficientperunitangleofattack —
~a

, perdegree

localpressureonairfoil,poundspersquarefoot

free-streamstaticpressure,poundspersq=re foot

free-streamdynamicpressure
(); ‘v’y pounds per squre foot

Reynoldsnumberbasedm meanaerodynamicchord

velocityoffreestream,feetpersecond

ha3f-widthofplanformat amy

chordwisestation,fractionof
planeof symm3try

s-wise

angleof

m

station,frac+im

attackofwingat

point, feet

root

oflocal

plane-of

chordmeasuredparsllelto

half=widthofplan

symmetry,degrees

vertexhalf-angleofwingplanform,degrees

Machangle
( )
sin-llfi , degrees

massdensityoffreestream,slugspercubicfoot

Subscripts

conditionsonlowersurfaceofairfoil

conditionsonuppersurfaceofairfoil

form
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APPARATUSAm MODELS

TheexperimentalinvestigationwasconductedintheAmes6-by
6-footsupersonicwh.dtunnelwhichisa closed-returnvariable-pressure
typewitha Machnumberrangeof1.15to2.0. Thiswindtunnelis
describedfullyinreference2.

A sketch’ofthe45° swept+aektriengular=wingmodelswhichgives
all@an-formdimensims is showninfigure1. In orderto obtainas
higha testReynoldsnumiberas possible,themaxhnmsizemodelwhich
,wasfreefromwind-tunnel=wallinterferenceat thelowesttestMachnuu+
berwasUSed.

#
Sincereference1 hadshowna pronouncedeffectofairfoil-thickness

distributionorLtheflowoharacterlsticsofairfoilsectionsat transonic
speedand,sinceintheyresentexperimentitwasexpectedthatsimilar
transonlceffectswouldbemanifest,twodifferentairfoilsecrbionswere
selectedforthewings.Onewingwascomposedofround-noseairfoilsec-
tions,6 percentthickinstreamwiseplanes.Thesectionusedfortbls
wingwastheNAOA0006-63profile.Theotherwingwascomposedof
s-nose, blcorrvexsections,6 percentthickinstreawise@aneswith
them.ximmthicknessat 30percentofthechord.(Seereference1.)
SeetableI forairfoilordinates.

Themodelswerecastofbismut&tinalloyandcoatedwithzincchr6-
mateto givea smoothsurface.The COIIEIwhichjOiIISdtheWi?l$tO tk
supportsting(fig.2)wasdesignedtominimizethspressuredisturbance
overthewing-, at thesametime,fuMillthestrengthrequirements,
Thesupportstingitselfservedas a conduitforthapressuretties.

Therightwingpanelwasfittedwith86yressure‘orifices,each
0.013inchindiameter,arrangedtomaasureboththelocalpressureon
thesurfaceSXKIthepressuredifferencebetweenthe-r ad thelower ‘
surfaces.Theseorificeswerelocatedinplmes perpendiculartothe
plane’ofsynmetryatthee chordwisestaticms(fig.1). Thesestaticms,
hereafterdesignatedas staticn+s1,2,@ 3, werelocatedat 25, 50,

, and75 perc%ntoftherootchord,,respectively.
(..

Themodelsweremountedvertiu,llyinthetestsectionontheend
ofa cantileverstingsupportas shawninfigure2. Thestingangleof
attackcouldbe adjustedtoanyanglebetween*17.5°whilethetunnelwas
operating.Siricezitwasdesiredto obtainan@es ofat~ck up toa ~i-
mumof20°,a 5° bentstingwasusedwhichgavean~le rqe of—1.2.5°
tO22.50. Themcdelangleofattickduringthetestwasinfluencedby
thedeflectionofthemodelsupportunderlead.An arrangementofmir-
rorsandlenseswasusedto determineopticallythetrueeagleofat’lack.
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METHODS

Theoretical

In reference3 it is showntit, bya suitabledistributionofline
sourcesandsinkshavinga commonpointofintersection,it ispossible
to obtainsolutionsforthepressuredistributionoverthesurfaceof
triangularwingsat zerolift.Sincetbemethcdislimitedina.pplica–
tionto thinairfoilswithsharpleadingedges,a quantitativecomgarism
betweenthetheoreticalcomputations@ thee~rimentalresultswould
be moresi@ifi~t forthecaseofthesharp+osewing.

Thetheoreticallcdingperunitangleofattackwascalculated
usingthemethodofreferences4,~,and6. Theflowfieldofa lifting
trismgularwingis ofconicalform;thatis,quantitiessuchas pressure
andvelocityareconstsmtalongraysmamatingfromtheapexofthewing.
Theflow,therefore,whenshownintrezwverseplaneshasa characteristic
uf twtiimensionalflowinthatthepressureplotsat allforeandaft
locationswillbe simik.

Sincethetheoryisbasedonlineardifferentialequations,the
principleofsuperpositionappliessothatthepressuredistributiondue

. io airloilthic~esshasno influenceonthe
toangleofattack,orviceversa.

Experimental

!J!ests.– A nmjorportion,ofthedatawas
ransceof1.20to 1.70at a constmtReynolds

pressuredistributiondue

obtainedovera Machnumber
nuriberofI-.8millionand

at &gles ofattack”from0° to20°. A-limitedamountofdataW&S
obtainedatReynoldsnumbersof 1 millionand3.75million.Fora lkch
nunberof1.20and20°angleofattack,reliabledatawerenotobtained
since,at theseconditions,thedataindicatedthattheflowinthetest
sectionwaschoked.

Recordingandreductionofdata.–Thepressureswereindicatedcm
multiple-tubemmmeters whichwerephotographedtorecordthepressures.
Thedatawerereduceddirectlyto s-wise plotsofthepressure,cceffi–
cientthroughuseofa pressureplottingmachine.

~.- Surveysofthewind-tunnelairstream(reference3).
haveshownthat,atMachnumbersotherthanM = 1.4,thereexistsigni–
ficsntpressuread stream-mgledisturbancesintheairstream.These

*

●
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surve~indicate,however,thattheflowintheairstreamistw~
dimensionalthatis,thsrearenoa~reciabletransversepressuregra- .
clientsinhorizontalplanes.Inthepresenttest,therefore,themcd.el
wasmountedverticallytominimizetheeffectsofstreamirregularities
onthe1* distribution.Since,theflowwassimilarinallvertical
planes,thestatic~essureresultsobtainedin&heverticalplaneat the
centerlineofthetunnel(reference3)wereusedto correctthemeasured
pressuresforalltestconditions.Inapplyingthesecorrections,itwas
assumedtkt thestaticpressuresontheupperandlowersurfaceswere
equallyaffectedby thestreamstaticpressurevariationandthatthe
liftingpressureswerenotaffected.Theseassumptionswereshowntobe
validby theresultsoftheinvestigationofreference3.

Themajoritemswhichmaycauseinaccuraciesintheexperimental
pressuredistributionshavebeennotedinreference7. Sincethetech-
niquesemployedinthisinvestigationparallelthoseusedinreference7,
the over+llprecisimshouldbe ofthesamemagnitude;thatisthewing
staticpressuresshouldbe accuratetowithin*1 percentofthetest
dynemicpressures.

As wasnotedpreviously,thesizeofthewingwaschosensothat
evenat thelowMachnuniberstlumewasno interferencebetweenthewing
andthecompressicaorexpmsim wavesoriginatingonthe modeland
reflectingfromthetunnelwaUs.

●

Errorsmadeinmeasuringtheangleofattackwereconfinedtopurely
mechanicalinaccuraciessincethevariatimofthestreamangleinthe
regionofthemodelwasnegligible.A possibleerrorof*0.05°inthe

.

angleofattackwasincurredintheinitialreferencingofthemcdelwith
respecttothestreamdirection.Theangleofattackduringthetest,
determinedbymeansoftheopticalmeasuringsystem,couldbe readaccu-
ratelytowithin*0.030,resultingina totalpossibleerrorof*t).080
in theangle+f+ttackreading.

Theabsolutehmidityoftheairinthewindtunnelwaskeptbelow
0.0003poundofwaterperpoundofairatalltimessothatithadne@i-
gibleeffectontheexperimentalresults.

RESTJLTSANDDISCUSSION

Fressure4istributionmeasurementsweremadeonthetwotriangular
wingsfm a rangeofMachnumbersfrom1.20to 1.70 at a constantReynolds
numberof1.8millionandatlanglesofattackfrom0°to20°. I& the
purposeofdiscussicminthisreport,figuresshowingpressuredistribu-
tionsduetoairfoilthi.clmessarepresentedonlyforMachnumbers

.

b
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of1.30,1.53, and1. ~, andthepressuredistributionsduetoangleof
attackarepresentedat 1.30and1.70.Thesedataareconsideredreprc+
sentativeoftheresultsobtainedthroughoutthetestrange.Thee~eri-
mentalresultsforthecompleterangeoftestvariablessrepresentedin
tableII intheformofpressurecoefficientsforanyfurtheranalysis
thereadermaywishtomake. A portionofthedataofstation3 was
omittedfromthistabulationbecauseofnoticeableinterferenceeffects
fromthesuppoticone.

PressureDistributionalZeroLift

Experimentalvaluesofthepressuredistributimatapproximately
zeroeagleofattackarecomparedwiththeoreticalvaluesin figure3 for
Machnumbers,of1.30,1.53,and1.70.Duetothelimitationofthetheo-
reti=lmethcd,a qualitativecqrison betweentheoryandexperiment
fortheround+aoseairfoilwasnotconsidered.

Examinationoftheexperimentaldatafortheshar~ose airfoilat
M = 1.30shuwedtheagreementbetweenthepredictedandmeasuredpressure
distributionstobe gocdat station1 withsomewhatpooreragreementat
stations2 and3. At theselatterstaticms,thetheoreticalpressure
peak,associatedwiththediscontinuityintheradiusofcurvatureofthe ‘. airfoilsurfaceat thepointofmximumthickness,wasnotas pronounced
in theexperimentaldata.Althou@no completeexplanationofthisdif-
ferencebetweentheoryandexperimenthasbeendefinitelyestablished,.
muchofthedifferencemaybeattributedtoboundarylayerandsecond—
ordercompressibilityeffects.

At Machmmibersof1.53sad 1.70,theagreementbetweenthecmyand
experimentgenerallywasnotas goodasat a Machnuniberof1.30,the
correlationbeingparticularlypoorneartheairfoilleadingedge.The
combinatimsofMachnuaiber,leading-edgesweep,ad airfoilwedgeangle
weresuchthattheleading+dgeshockwavewasdetachedforallangles
ofattack.Thetheoryfor.Machlinessweptbehindtheleadingedge[in .
thiscaseforM = 1.53and1.70)assumesunattachedwaveandmmnot
accountproperlyforthemixedsubsonicandsupersonicflowthatexisted
betweenthedetachedbowwaveandtheleading+dgeoftheairfoil.For
theseMachnumbers,thedeviaticmbetweentheoryandexperimentmaybe
attributed,therefcxre,to thedetachedshock.
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Distribution

Intheanalysisoftheexperimentalliftingpressures,itwasfound
that,eventhoughtheoryandexperimentdidnotalwaysagrebonthemag-
nitudeofthepressuresonthewing,theexperimentalliftingpressures
were,aspredictedby theory,essentiallyconstsntalongrsysfromthe
apexofthewing. It ispossible,therefore,endconvenientinconsfde~
ingtheflow’overtrismgulsrwingstoresort-totremmersepressureplots,
sincetheyareessentiallysimilaratal~for&-andti-locatio~>
becauseforboththeoryti experimntthepressurestendto@ constant
alongrays. Componentsofvelocityperpendicularto raysareconsidered
inanalyzingthesetransversepressureplots.Itmaybe seenthatonthe
surfaceofwingsmovingatsupersonicspeedsthecomponentsmsybe either
subsonicorsupersonic,dependingonthestream~ch nuniberandthesweep
oftherayconsidered.

-. .,,

Ithasbeenshownpreviouslythat,indiscussingthefluwovertri-
smgulexwings,it isconvenientto definethesupersonicspeedrsngesby -
thevariabletenG/tenw where e isthesemivertexsngleofthewing
and w istheMachangle.Valuesof tene/tan~ greaterthan1.0
correspondto a supersonicleadingedgeandvalueslessthen1“.0corr~”

....-

spondto a subsonicleadingedge.A valueof tan~/ts+p of1 corre-
spondsto sonicvelocityperpendiculartothewinglesdi~edge.

Machlinessweptaheadoftheleadiuedge.- Experimentalpressure
distributionsforboththeround+oseandsha~ose airfoilforstation2
arepresentedinfigure4 forseveralanglesofattackandfora lkch
numberof1.30.Thedam presentedherearetypicaloftheresults
obtainedinthisspeedrange,(Machlinessweptaheadoftheleadingedge).
Examinationofthesedatashowsthsexistenceof certainpressurediscon-
tinuities,usual.lyassociatedwithshock-waves,whicharenotrevealedby
thetheoreticalanalysis.Forthesharp-noseairfoilatanangleof
attackof7°,thedatashowa pressurepeakneartheairfoilleadingedge,
followedimmediatelybyanabruptcompression.At 10?a?@e ofattack,
thenegativepressurepeakwasfollowedbya regionoflessnegative
pressureswhichwas,inturn,followedbya compressionat about70-per-
centofthesemispan.Itshouldbe notedthatat 10°angleofattack,
thepressurecoefficientneartheleadingedgeappr~chedtheabsolute
physicallimit.ThemagnitudeofthislimitFnc isindicatedinth~,.
figure.At 150and20°anglesofattack,therefore,sincenearlysa
absolutevacuumhadalreadybeenattained~ theuppersurfaceat the
loweranglesofattack,cmlyaslightincreaseinthemagyd.tudeofthe
upper+mrfacepressurecoefficientsneartheleadingedgewaspossible;
Further,thelow-pressureregion,whichwaslocalizedintoa pressure
peakneartheleadingedgeat thelowanglesofattack,spreadovera ----

-..
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wideregionoftheairfoilsurfaceat-thesehighanglesofattack.The
. dataindicatedthatthewideregionofnegativepressurecoefficients

(verynearlyequaltoa fullvacuum)wasterminatedbya compressionat
about40percentofthesemispan.

Fortheround-noseairfoil,noabruptcompressioninthepressures
was notedatan singleofattackof50. At an@e ofattackof10°,
however,a regionoflargenegativepressurecoefficientswasnotedwhich
wasterminatedbya compressionat about50percentofthesemiswn.The
datafor15°and20°anglesofattackshoweda wideregionofnegative.
pressurecoefficientsverynearlyequl toa fullvacuum.Thisregion
of largenegativepressurecoefficientswasterminatedbya compression
between50and60percentofthesemis-.

A studyofthepressuredatajustdiscussedrevealscertainpressure
discontinuitiesovertheairfoilsurfacewhicharesimilarto thosenoted
inthedataobtainedfromtwtiimensionalairfoilswithcorrespondingprc+
filesat transonicspeeds(reference1). Ithasbeenshowninreference1
thatthepressurediscontinuitiesnotedonthesurfaceofthetw~
dimensionalairfoilat transoni.cspeedswerea resultofshockwaves.
Dueto thesimilarityinthepressuredata,itwasconcludedthatthe
pressurediscontinuitiesnotedinthedataofthepresentinvesti~tion
alsodenotedtheexistenceofshockwavesandthatconsequentlytheshock
patternsintransversesectimswouldresemblecloselythe~tternsexist-

. ingonthetwo-dimensicmalairfoilsat transonicspeeds(showninthe
schlierenphotographoffig.5). lm estimateoftheflowpattern,as
deducedfrcvntheforegoingcorrelaticrn,fortriangularwingswithMach
linesaheadoftheleadingedge(tane/tanp < 1.0)is sketchedinfigu-
re 6. Thissketchisfora representativesetoftestconditionsat
anytransversesection;thepatternwillchangeindetailasMachnumber
andliftcoefficientvarybutitsbasiccharactershouldremainas
sketched.

Fortheround+oseairfoil,dueto theeasycurvatureof theround
leadingedge,a gradualexpansionofthestreamlinesaroundtheairfoil
leadingedgeoccurred,andthelocalvelocitycomponentsontheupper
surfaceperpendiculartoraysfromthe-apexweresufficientlylargeat
highanglesofattackastoresultina localregionof supersonicflow
whichwasterminatedby a shockwave,aswasindicatedby thecompression
b thepressuredata. Theshockwave,whichwasnormaltotheairfoil.
surfacebutobliqueto thesupersonicstresm, correspondsto theusual
norml shockwavewhichhasbeennotedon twtiimensionalatifoilsat
transonicspeeds(fig.~). .

. Forthesharp-noseairfoiladditionaltransonicflowcharacteristics
werededucedfromthepressuredata.A markedsimikritycanbe notedin
theestimatedflowcharacteristicspresentedin figure6 fortheskr~

3 noseairfoilofthepresenttestandtheflowovera sharp&o-dimensional
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airfoilattransmitspeedsasevidencedby theschlierenphotographof
figure5. Fortriangularwingssweptbehin&theMachlines,upwash
occursaroundtheairfoilleadingedgeas a resultoftheflowinter-
‘actionbetweentheupyerandlowersurfaces.Theair,inflowingfrom .
thelowertotheuppersurface,isrequiredtoturnabruptlyaroundthe
sharpleadingedge,resultingina highlycomplexmixedsubsonicaud
supersonic.flowfield.Althoughthepresentstateofknowledgeofwhat
occursinthis’flowfieldislimited,thenatureoftheflowisappar-
entlyanalogoustotheflowarounda sharpconvexcornerwhichwas
treatedbyBusemanninreference8. A cursorystudyoftheproblemhas
indicatedthatthelocationandcurvatureofthesoniclineinthe
regionneartheairfoilnoseweresuchthatthestreamlinesabovethe
noseturnedtowardtheairfoilandtheflowimpingedontheuppersur-
faceoftheairfoil.Sincethestreamlinesmustturnandflowalong
thea~foilsurface,a distributedcompressionregionresulted,which
coalescedtitoa finiteshockwaveobliquetotheairfoilsurface.
Behindthisobliqueshockwavewasa regionoflowersu~ersonicveloci-
tieswhichwasterminatedby a normalshockwave. Thishypothesis
appearstobe consistentwiththeobservedflowpatternsoffigure6
andwith the experimentalresultsofthe@esenttest. It isinterest-
ingtonotethatthecompressionwhichwasob~ervedforthesharpleading–
edgeairfoilnearthenosewasnotevidentfortheround+oseairfoil.
Thisistobe expectedsincethecurvatureoftkeroundleadingedge
permitsa more gradualexpansionofthestre@@es aroundtheairfoil
leadingedge.

—

Theexperimentalandtheoreticalleaddistributio~forthetwo
triangularwingsarepresentedinfigure7: Theeffectsofthetransanic
flowcharacteristicsjustdiscussedareapparentinthedifferences
betweenthetheoreticalandexperimentalloading.The dataforthe
round+oseairfoilat 50angleofattackincludeexperimentalloading
coefficientswhicharegreaterthanthosegivenby theory.For10°angle
ofattack,also,theexperimentalleadingwasgenerallygreaterthanthe
theoreticalvaluesovera largeportionoftheairfoilsurface.As
expected.,therewasa decreasein theexperimentalloadingat theloca-
tionofthenormalshockwave. For150and20°-es ofattack,the –
experimentalleadingneartheleadingedgewasmuchlessthanthetheo-
reticalbecauseofthepreviouslymentionedpfisicallimibtiononthe
magnitudeoftheupper+urfacepressurecoefficientswhichwasnotcon-
sideredby theory.Overtheremainingporticmofthespa, theexperi-
mentalleadinglaygenem.llyabovethetheoretical.

Theexperiuntalloadingdatafortheshar~oseairfoilshowed
thatthetrsmsoniceffectswerealsoevident(seefig.7). At emangle
ofattackof5°,theinfluenceofthesharpleadingedgewasmanifestin
a regionofloadingcoefficientsnearthe,leadingedgewhichweresome-
whatgreaterthanthosefortheround-nose=-&foil,followedby a span-
wisevariationoftheloadingcoefficientsthatwasinsomewhatbetter
agreemmtwiththetheoreticalloadingthanthedatafortheround-nose

.
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airfoil.Foran angleofattackof10°,theloadingcoefficientsfor
thesharpnoseairfoil,werenotashighas thoseat5° angleofattack
butweresomewhatgreaterthanthosefortheround+aoseairfoil.at10°
angleofattack.Thelocationoftheshockwavenormaltotheairfoil
surfacemaybe discernedinthediscontinuitiesofthespanwiseload
distribution.-Asinthecaseoftheround-noseairfoil,at15°end20° .
anglesofattack,theexperimentalloadd~stributionneartheleading
edgefellconsiderablybelowthetheoreticalvalue.

Machlinessweptbehindtheleadingedge.-Experimentalpressure
distributimsforboththeround+aoseandthesharp+aoseairfoilsare
presentedinfigure8 forseveralanglesofattackat a Machnumberof
1.70. It isevidentfroma“studyofthepressuredatathat,eventhough
thetheoreticalflowvelocitycomponentperpendiculartotheleading
edgewassupersonic,thecharacteristicsoftheflowdifferedlittle
fromthoseinthelowerspeedrangewhereintheflowcomponentperpen–
diculartotheleadingedgewassubsonic.Althoughthepressurediscon-
ttnuitieswereconsiderablysoftened,theshapeofthepressure-
distributioncurveswasquitesimilarto thoseinthelowerspeedrange.

At thesehighersupersonicspeeds,wherethevalueof tanG/tanv
isgreaterthan1.0butlessthanthevalueforwhichtheshockwave
becameattachedtothesharpleadingedge,thefl~ patternoverboth
wimgs,asdeducedfromavailablepressuredata,wasas sketchsdin
figure9. Fortheround+oseairfoil,a detachedbowwaveoccurred

. aheadofthesweptleadingedge. Since,intheregionbetweenthe
detachedbowwaveandtheleadingedge,theflowcorqponentsperpendicu-
lartotheleadingedgewerestisonic,theflowaroundtheleadingedge
oftheairfoilwassfmilarto theflowex~riencedwhentheMachline
wasaheadoftheleadingedge. Thelocalvelocitycomponentsonthe
uppersurfaceperpendiculartoa rayfromtheapexwerelargeenoughto
causea localregionof supersonicflowwhichwastemminatedby a normal ‘
shockwave,as intypicaltransonictwtiimensionalflow.

.

Fortheshar~oseairfoil,thedetachedbowwavewasalsopresent
sincethewedgeanglewasgreaterthanthevalueforshockattachment.
Thereexisteda smallregionof subsonicflowcomponentsinthevicinity
oftheleadingedgewhichresultedinflowinteractionbetweentheupper
andlowersurfaces.Theflowcharacteristicsweresimilarto thosenoted
previouslyforMachnumbersatwhichtheMachlinesweresweptaheadof
theleadingedge. Transonicflowsimilarto thatnotedforthelower
speedrangeoccurred,thoughtheextentoftheinfluenceofthesharp
leadingedgewasnotas great,sincetheupwashangleat,thewinglead-
ingedgewasnotaslargeasat thelowerMachnumbers.Thisreduction
intheupwashangletisdueto thefactthattheflowinteractionbetween
theupperandlowersurfacewasconfinedto theregionbetweenthe
detachedbowwaveandtheleadingedge.

x Theexperimentalandtheoreticalloaddistributionsforthetwo
triangularwingsarepresented

~ “fects‘“he
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transonicflowcharacteristicsjustdiscussedareapparentintheexper-
imenimlloaddistribution.Since tane/tanp isgreaterthanunity,
it isassumedinthetheorythatthebowwaveisattachedtothewing
leadingedgewiththeresultthattheliftingpressuresareconstant
betweentheMachltneandtheleadingedge..Intheactualcase,however,
sincethebowwavewasdetached,flowinteractionbetweentl@upper“W”
lowersurfacesoccurred,resultingina peakintheleadingat thelead–
ingedge.Theshar~oseairfoilshoweda somewhathigherlcdi~”peak
neartheleadingedgethandjdtheround=nose”airfoilduetotheprevi-
ouslydiscussedflowphenomena.Forcedatapresentedinreference9 -
haveshownthat,as theMachnumberforcompleteshookattachmenttothe
leadingedgeisapproached,theagreementbetweentheoryandexperiment
maybe expectedtobe improved.

Reynoldsnuuibereffects.-A limitedamountofdatawasobtain~
fortheround+oseairfoilatReynoldsnumbersoflmillicmand3.75
millionforanangleofattackof~o. As showninfigureU forhch
nuuibers1.30and1-.70,thedataindicatea ~gligibleeffectofReynolds
numbervariationonthespanwiseloaddistributionforReynoldsnumben%
of 1.8millionto 3.75til~on. At a Mach?+unberof 1.30,“huwever,the
experimentalda~ showtheloadingcoefficientsata Reynoldsnumberof
1 milliontobe somewhatlessthaz.thevaluesob%inedathigherReynolds
numbers.As theMachnumberis increasedfrom1.30to 1.70,thseffect
ofReynoldsnumberbecomesnegligible.SincenoReynoldsnumbereffects
werefoundintherangefrom1.8milliontothenw.ximumvalueattainable,
3.75mllion,themajorportionofthistestwasconductedata Reynolds
numberof1.8minim forreasonsofeconcmy.

.

-.

—

—

—
—

—

,-

It isnoteworthythat;at thehighestangleofattack(a= 20°,
ayprox.)at allMachnumbersinvestigated,mostoftheairfoilupper ‘- —

surfacewassubjectedtopressuresnearlyequivalenttoa fullvacuum.
--

It is’believed,therefore,thattheactim of.viscousfOrCesWillbeneg- s
ligiblewhencompared
effects”atthesehigh

withpressureforcessothatReynoldsnumber
liftsmaynotbe significant. ——

.

Normal+orceCoefficients

Figure12presentsa comparisonoftheexperimentalendtheoretical
normal%orcecoefficientstiersusangleof attackforMachnumbersof1.20,I
1.30,1.53,and1.70. Theexperimental.nor&l.-forcecoefficientswere —.

obtainedby a mchanicalintegrationofthespanwisepressureplotsat
eachoftheanglesofattack.Exclud&gthedataat15°agd20°augles
of attackwhichfallbelowthetheoretical.curveatellhch numbers, .=
thenormal+orcecoefficientsexhibita trendwithMachnumbersimilsx
to thatdiscussedinreference9. Inthelowerspeedrsmge
(tu E/tsJl~<1.0 (k= 1.20)),thesharp-noseemdtheroumd-nose

.- r
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airfoilsgivevaluesofthenormal-forcecoefficientthatfallsome-
whatabovethosepredictedby thel’heartheory.As thevalueof
tan~/tanv of1.0 isapproachedandslightlyexceeded,thenormal-
forcefirstequalsthepredictedvalueata hkchnumberof1.30andthen
fallsslightlybelowthepredictedvalueat a Machnuuiberof1.53.How–
ever,inthehighersupersonicspeedramgewhere tan~/tanv is greater
than1.0(M= 1.70),theexperimentalnormal-forcecoefficientsagree
morecloselywiththelfneartheoryas a resultoftheapproachingattach-
mentofthebowwavetotheairfoilleadingedge.I?reyioustestshave
shownthatas theMachnumberforcompleteshockattachmenttotheleading
edgewasapproached,god agreementbetweenthemeasuredandpredicted
loadingmaybe expected.(Seereference9.)

As mentionedpreciously,at thehigheranglesofattack(15°and
20°) theexperimentalnor~l-forcecoefficientsfallbelowthevalues
predictedby thelineartheory.Thisdffferencebetweentheoryandexper-
imentistobe e~cted, ofcourse,sincethebasicassumptionsofthe
theoryobviouslyareinwalidwhenthepressurecoefficientsapproach,a
valueequivalenttoa fullvacuum.

ApplicatimofResults

Theforegoingdiscussionhas
effectsoccurontriangularwings

to OtherTriangularWings

shownthatsignificanttransonicflow
at supersonicspeedandthatthese

transonicflowcharacteristicsshowmarkedsimilaritytothose,which
havebeennotedforthetwo4imensionalairfoilsectionsat highsub- “
sonic speeds.Thereremainsthequestion,however,ofthemeansby
whichtheresultspresentedhereinfor450triangularwingsmaybe
appliedto othertriangularwingsofdifferentsweepbackandairfoilsec—
tion.At thepresenttimeonlya qualitativerelationcm be shownto “
exist.

Thelineartheoryyieldstheparametersf!and tane/tanw as
relatingthecharacteristicsoftriangularwingsofdifferentsweepback
at supersonicspeedsinthattheleaddistribution,themlif=urve
slope,thecurvatureofthedrag~raboh, ~- themcmmnt-curveslope
aregivenas functionsof B d tanc/tanv. Inthelineartheory,
however,onlysmallvelocityincrementsareconsidered,a condition
whichobviouslyisnotapplicableat hi@ liftcoefficients.It isclear
fromtheforegoingdiscussionsthatthetrsmsoniceffects,whichwere
noted,areprimarilya fuuctionof (a)theMachnumiberoftheflowcom-
ponentyerpendicuJarto thesweptleadingedgeand (b)theshapeofthe
airfoilinthevicinityofthewingleadingedge. Itappears,therefore,
thatthecorrelatingparameterinsofaras theflowcharacteristicsat
highliftcoefficientsareconcernedshouldbe sin~/sinw whichisa
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measureoftheMachnumberperpendiculartotheleadingedge. Itis tobe
expectedtkt, forothertriangularwingsofsimilarleading-edge”radius “–-”-
orwedgeangle,flowcharacteristicssimilartothosefoundforthe
wingsofthepresenttestwillbe experiencedfor@s samevaluesof
sine/sinp.

-— -.

Withregardtotheairfoilnoseshapethefollowingqualitatiwcor–
relationmaybe stated:Forwingsofsmallerwedgeangles,thetransonic
flowcharacteristicsnotedwilloccurat lowerliftcoefficients.Further,
round+oseairfoilsofmuchsmallernoseradiimaybe expectedto give
flowcharacteristicssimilartoairfoilswithsharpleadingedges.

CONCLUDINGREMARKS

Pressure+iistributionmeasurementsovera sha~ose anda round-
noseairfoiloftriemgularplanformweremadefora Machnumberrangeof
1,20to 1.70todeterminetheeffectofleading+dgeprofileandtopro-
videdatafora comparisonoftheexperimentalandtheoreticalleaddis-
tributim.

Theresultsofthetestsindicateda significanteffectofleading–
edgeprofileontheflowcharacteristicsat highliftcoefficients.For
theround+oseairfoilinthelowersped rangewheretheMachlinesare
sweptaheadoftheleadingedge,transonic-flowcharacteristicssimilar
to thoseexperiencedonround-nose,two-dimensionalairfoilsat transonic
speedsweremzuxl.festintheformofa regionofsupersonicvelocitynear
theairfoilleadingedgewhichwasterminatedby a norml shockwave.
An additionaltransonic.effectwasnotedat theleadingedgeofthesh&rp-
noseairfoil.A shockwaveobliquetotheairfoilsurfacewasformedand
thenatureoftheflawwassuchthata somewhathigherleadingwasreal-
izedthanthatfortheround-noseairfoil.Despitetheexistenceofthese
transonicflawphsnomega,theagreementbetweenthetheoreticalandexper–
Imentalloaddistributionwasreasonablygoodup toansagleofattackof
10°,thesharp&oseairfoilexhibitinggenerallybetteragreement.Further
increaseinangleofattackresultedintheexperimentalloadingnearthe
leadingedgefallingbelow,theorybecquseofthephysicallimitationof
zeropressureonthemagnitudeoftheupper-surfacepressurecoefficient.

Inthehigherspeedrange,wheretheMachlinesweresweptbehind
theleadingedge,sincetheleading-edgebowwavewasdetachedwithresult-
ingflowinteractionbetweentheluweranduppersurfaces,theflowche&
acteristicsweresimilartothoseexperiencedinthelowerspeedr-e
whereintheMachlinesweresweptaheadofthe leadingedge.Reasti&bly
goodagreementbetweenthemeasuredandpredictedleadingwasalsoreal-
izedinthisspeedrange.As thespeedis increasedfurthersotht the

.

-—

.

--

—

—

—

s

i
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bowwaveapproachesattachmenttotheleadingedge,it isexpectedthat
thecorrespondencebetweentheoryandexperimentwouldbe furtherimproved.

Theexperimentalnorral-forcecoefficientsforboththeround-nose
andthesharp-noseairfoilswereessentiallythesameandwereslightly
higherthanthetheoreticalvaluesinthelow-speedrange(M= 1.20).
IncreasingtheMachnumberto1.53causedtheexperimentalvaluestofall
slightlybelowthepredictedresults.FurtherincreaseinMachnumber
resultedin closera~eementbetweenthetheoreticalandexperimental
normal-forcecoefficientssince,aspreciouslymentioned,thebowwave
wasapproachingcompleteattachmenttotheairfoilleadingedge.

AmesAeronauticalIaboratoryj
NationalAdvisoryCommitteeforAeronautics,

MoffettField,Calif.
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TABLE I.-AIRFOIL OKOINATES

[Stations and Ordinates Given h percentofAirfoil.Chord]

NACA (

JEF!2L
Station

o
1.25
2.5

%
10
15
20
25
30
40
50
60

E
w
95

100
m

Mace

01’Unat!

o
● 95

1.3.1
1.78
2.10
2.34
2.67
2.87
2.97
3.00
2.90
2.65
2.28
1.83
L 3
.72

(:2)
o

Lower

ltation

o
1.25
2.5
5.0
7*5
10
15
20
25

$
50
60
70
80

z
100
100

ri’ace

&dinate

o
-.95
-1.3
-..78
-2.10
-2.34
+?.67
+%87
+!.97
-3.00

%!l
+2.28
-1.83
-1.31
-.72
-.40
(;06)

~ose Biconvexh

upwr ~tiace

StationOrdillati

o 0
5 .92
10 1.67
15 2.27
20 2.67
23 2.g2

3.00
E 2.94
50 2.75
60 2.45
70 2.02
M 1.47
85 1.15
w .79
55 .40

100 0

I
I

LOWI

wation

o“
5
10
15
20
25

:
50
60
70

;
9
95

103

‘ile

IWrface

Ordinate

o
-.92

-1.67
+2.25
+.67
4.g2
-3.00
+.94
+.75
+.45
-2.02
-1.47
-1.15
-JJ

o
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TABLEII.-ExPER~

(a) M =

Rmm 1 airfoil

Udo.h

1
,4

%

). 673
.*

.-n%
:g
.E%Q
.9%
.-m

%.1:

J
-0.23E
+?&

-..Qb
- m3
.740
-m
-.765
-77s
---

-330
-338
-.331
---
-w
-.-(lb
---
-.6X
-.%

-.672
-..$1
-.tq
-.6s
---

-—-
---
---
---
.*
-.5W
---
~.

.X5
---
- Tm
-.$+8
---
- m
-596

ZE
-.W
---

5
—

%—
0. 6&5
.&
. WI

:E

5J---

m u-o M

3<g
-.050,
-.K+9
.W5
.007

-%
---

-&-
1
.t%7
.4m
.533
.661
.733

:%(
.933
.I.m

%1% Pu

0.261
-.*
-33
.&a
-—-
-.eu
-.792
-.-@
-.Tn
---

%

n-0.1-.1
--.192
-.192
-.226
-.2m
-.wl
-.6U3
-.755
---

-0.0
+ o%
-.00s
.W
:_-
.027
.DID
.@
.293

---

].@
.Cw

:%
.b~
.0u3
.C51
me?
.2h4
.539

-o.135
---lk’i
.2.!s
- Im
---
-.2*
-.3X
-336
-.*
---
—
-.2X
-2y7
---
-m
-.2%3
.3M
---
-s3

:%
>507
-.*
.%5
-.U7
---
—
---
---
---
---
---
-.331
-.?M
-.m
-.WI
-.W
-.%5
-553
-.577
_— -
---

g
-5

-.6=5
-—-

,.163
.I@
.&
.2U
.2*
J@

:%
.m
.*T

o.22eO.m
- 2b7 .3’71
-.265 .2s0
-.309 .423
--- .468
--5% .X16
-.5%3 .*3
-.61’1.6L2
-.@ .*
--- .-i%

O.oti
.050
.m
.lm
.m

%J
.374
---

-.o~
-.m
-.@
---
-9
-l%
---
~ 116
-.W9
% 05?
.WI
.055
.L14
.Ua
---

---
---
---
---
-.U9
-.*
---
-J!ia
w eq
-.224
---
-.*1
-.m
---
-.*
--.145
-.la3
% Olo
.056
---

O.oy
.m
.Ic5
.146
.ml
.217.2em
.334
.3%7
---

-.09
-.053
-.@
-.WJ
-m
-m?
-.*
-.’W
-.@)
.Ow
.C&
;%

.293
---

0.276
.W3

:%
.x$?
.*
.ti3
.551
.6311
—--

.067

.(s3

.@l

.Ui9

.107

.094

.106

.lm

.139

.203

.*1

.*
h34
.*9
-—-

‘:%
.433

:2

:%?

:E
---

1
.1.25

—

Lx

.@

.642

.616

.(5IB

.6?2

.@

.637

.656

.673
:$

%
f$

—-
---
---
---
;g3

.Tll

.57?
---
---
;g

.632

..ml

.673

.:%
—-

0
J33
.267
.4m
.467
.533
.6m
.667
.793
.em
.‘e&

fj

-.091
-w-f---
-.120
-.137
-.136
---
-.lti
-129
-.U1
-X9
-.W
-.m
-.W
---

---
——-
---
---
---
-162

-g
-.1

-.223
-23s
-.2kl
-.a34
---
---
-.207
–JPs
-,155
-m
---

-.a30
.W6
-.0$$
.095
-.m
.U.6
-.IJA
-.120
.I.26-s@
-.070
-.269
-.027
.W5
.536
—
---
---
-—.
---
-.05’
.M
-.1*
-.M
---
---
-.2(Z
-.2V
-.2q
-.20!
-w
-.lT
-.14!
-.*
-.U3
---
.

;%

.Cm

.Wn

%
.0’37
.3M
.1$3
.2m
.=5
.’25=
.hlg
.&6
—
---
---
---
---
.W
.U3
.0)5
.073
---
-—-
.’ke3
-w
.Om
.063
.033
.2.13
.2.44
.216
.336
---
—

-.323 .373
-H .3*
--– .3*
-.* .3M
-.* .352
--.3-74.+7
---
..53? :%
-.613 .*
-J@ .W
.7X .46
-765 .4

:% :?%
--- .%5

.341
-.363
-—-
-m
-.5s?
-.*
---
-.721
-.7=’1
Y TM
-.739
- -@
.-.‘la
-7?3
---

---W3
- ml
? 223
---

-m
-293
---
.292
-.*
-.263
-.2m
-.#32
---335?
-.5%
---

---
-.307
-333
---
-f&

---
= 453
-633
.&o
-677
-w+
-.79+
-.835
—--

.610

.’sn

.632

.@

.&24

:%
.eb5
.-

%

:%
---

T
---—.----.----.----.
--- .3*
-.~~ .3%

%J :%
---

_.~5 ___
-.*1 .%6
+& .$

—-- ice
--- A13
-.7W .~5
-.836 .4a3
-.m3 .544
-.= .63’7
------

---
---
---
---
---
. W3
-.5@
--e
-.&b
-.6M
..Q-l
-.&m
-.555
-—-
---
-+5
-537
-573
-M
---

—-.
---
---
---
-w
>143
-.150
---

-“1$-.1
-.Z?2
-.2L1
-.lay
-.lm
lab
--on.
-.W3
.m
—--
—--

---
---
--—
---
-.33
-w--—
-397

:G
---
-431
-.m
---
- hm

-??-.9
-@
-555
---

---
---
-—-
---
.20
.lko
.2.92
-—-
.G73

:%
J&
-m
S-@
.Y22
.m

:%
---
---

---
---
—--
—-—
-,kil
= w---
-.53
-667
-.6%
---
-$

---
-.752
-.*7
-.766

:Z
---

---
---
—--
---
.379
;%7

---
.3M
.374
.347

:;E
:35;

.k53

:%
---
---

—--
---
---
---
.w
.%6
.5X
---
.5%
.%7
-5W
All
..W
:%

.703

:3
---
---

>.TS

—

;,

,! ..
I II
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TABLEII.- CmmrNum

(b) M = 1.30,

Bmnd+m

mdim “ CM a+.1

+ r & % % % %

o O,ou 0.C6!7-&m D.MJ

:$ :%4 :~6 ::2 :$

0.29 .6$7-::: %J :g :3
.733
.&a .m&
.m? .C.4a

x% -:231 .2%
.@ -.*7 .3b

.933
,lm :Y- :~ :? ~;

-.cnl -.193.0’33
.267-x -.@ --- .o~

-.0%? -.261 .067
.630-.:! –.072 --- .~

-.03!2-.* .@
-.070 -.339 Jm

.n6 --- .693

. . ..---- ---
--- ---

.s6 -- --- --- ---
--- --- ---
-.067 --- .045

.667-.:% ::3: :g :O?-

-.-M- -.U4 -.433 J&3
-.3s9 -.cq3 -.ky3 .l%

-- --- --- ---

tirrd

L4 a-20.6 M ln- ~

Pu

-0,247
-.369
-.332
-.331

:g

-.732
-,’740
-—-

-.324
-.339
-.339
---
-J&
-.X7
---
-.653
-.6X
:%

-.@@
-.?I.I
-.728
---

---
---
---
---
-.5U
-.x%
---
:.

-.641
---
-.671
-.6n
---
-.667
-.671+
-.@
-.652
-.W
---

H-=5%P“

—
D.0%
.0%
.073

:Z
w
;Z&g

.3m
---

GE
-..

---
-.C97
-.102
---
-On
-.WO
-ml!
ml

:3
---
—
---
---
---
---
-.W
-.143
---
-.170
-.172
-.163
---

x?
---
-.@
-.070
-.03$
.057
.~l
---

‘n I “ ~t

1.3P

%
.N6
.*

%J
.779
---

3

Ja9
.2T?A
.324
.317
.318

:%
.413
.494
.953
.66%
.m
---

---
---
---
-—-
.3al
.365
.357
---
.332
.m
.s74
.E%3
.@

:%

i?
.X9
---
---
—

I —
>.%?4
%1

:K
.697
.736
.763
&J 1

-0.326
-.234
- @7

:%
-.775
-.m
-.?@
-.775

—.
0,73?3

\

0.2030.3-?J
-.227 .337
-AT .355
-.367
-- :B?

3
-w .4
-$93 .4
-489 .%
-.Wb .~
--- .792

4.%6
-.24
-.2+
-.%6
---
+&

-.67E
Y 67~
---

-.315
–.336
---
-.407
-.*
-.s
---

:%
-.6n
-.@
-J%9
-.7’U”
---

---
---
---
___
---
-.474
-.*
-.603
-.@
-cm
-.@
-..

---
---
:Sg

-.m
–.593
---

f

~.>? o.n3
-.3T2 .745
-.703 .7T

-“n’ :E---
-.nl .a7h
-.77’2.*
-.m .948
-.774 .9X7
--- .7U

–.4M .&m
-.W :%
--
-.@%
-.E# :%
-.73 .69/
--- .7J.9
-.m .730
-.779 .755
-.m .793
-,IOY ,834
-.W8 .&l
y. .@4

—-- :E

0,065 -0.C57
.074 -.Q73
lm -.W
,143
.lM :2
.226 .0s7
.X.5
,355 :%?
,406 -.lm

3.1*
.2A
.257
.3M
.346

g

..s?6
---

-0.1%
-.176
-.l.!%
-.X34
-.U3

%?
-.w
-.&%
---

.772

:%
.&%
.%?1
.557
.m
1.m2

---1--- ---1 ---l ---

7
-.2% .267
-.2p :%7
---
-.3L3 .=77
-.X3 ,*
-.442 .m
---
-.%0 :%
-.* .&l
-.!J74.366
-.m .430

%!%
---

$rj
.5%
.5+5
.533
.533
.57Q
.633
.6s9
,743

:%
---

--
---
---
---
.!m
.%
.*
---
.494
.524
.m.3

:#

gg

.673

.ma
---
---

7-.403-.407
-.$el

%
,676

%
.707
.*
.724
.7Z7
.765
;%

.831
E=6
.90

---

---
---
----
---

:%
.631

---
.64?3
653
.-
.682

:%

:7$

.&l

.Z.,11.*.xn

.73

.5U3

g

.631

.693

.7Z

.&?4

.x%
—
-—.
---
---
---
.*
.!m
.51’9
.m
---
---
.?9
,532

:%
:%

.665

.6&I

.763
---

-.0R4
-.039
-.OX
-.038
-.C63
-.072
-cm
-SJ!XJ
-.oln
.054
.131
J93
.E63
.*9

---

-.I!M
-.m
-ml
---

.095

.092

.lm

$j
.lm
.I.63
AM

2J
.575
---

--, -
---
---
---
.052
.Lt6
.016
.1*

:%

:08

:%
.W
.X95
.*
.3?7---
---
—

-.’as
-.B+kl
-.=3
---
-.3#
-.32
---
–.453
-.523
-.!M
-.%3
-.s
-.59’I
-.69?
---

---
---
---
---
-?%7
-.396
---
-.4’55
–.5n
-g@
---
-.&o
-.6M
---
~.

-At+

2%
---

--- I
-.233
-.23$

-.&a
-.K-m---

1
----.7!!4
-.770
-.76~
-.767
-.-ml
-.759
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